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SUMMARY

The effects of humidity during fabric conditioning and during
fzbrication upon some physical propertles of laminstes prepared with
glass-fabric, Fiberglas 181-11k, and an unsaturasted-polyester resin,
Leminac 4126, were investigated.

Reletive humidity during fabric conditioning and during febrication
was varied from about % to 95 percent. Molding pressures were 0.7 and
2.0 psi. The molding temperature recommended by the manufacturer was
220° to 250° F. Preliminsry experiments showed the following to be the
best times for the temperatures used: For 250° F, 2 hours; for 220° F,
3 hours; and for 160° ¥, 48 hours.

Tests on these laminstes included the measurement of flexural
strength on the diagonal, both dry and after T deys' immersion in water,
specific gravity, resin content, percentage of voids, and total light
transmission. Some data were also taken on lengthwise flexural strength.

The effects of humidity during fabrication on flexural strength,
both wet and dry, and on specific grevity, percentage of voids, and light
transmission were pronounced when molding temperatures of 220° and 250° F
were used. At a molding temperature of 1600 F these effects were
negligible.

An increase in the humidity during fabricatlion decreased the flex-
ural strength, the resin content, the specific gravity, and the light
transmission and increased the percentsge of wvolds in laminates molded
at 220° and 250° F. For example, when the relative humidity was increased
from gbout 5 to 50 percent during resin coating, the flexural strengths,
lengthwise and diagonal and wet or dry, decr:ased sbout 15 to 20 percent
for leminates made using the 220° F cure and sbout 35 to 4O percent for
the 250° F cure.
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Differences in the properties of laminstes made of fabric which was
dried over silice gel and those made of fabric which was oven-dried were
negligible. .

A relstionshilp was shown to exist between flexural strength and the
percentage of volds, and between the percentage of volds and light
transmiseion. : - o -

INTRODUCTION

The use by the aircraft industry of glaas-fabric polyester laminates
for semistructural parts such as radomes maekes it desirable to attain
good quality control of this material. To achleve this, 1t is necessary
to have some knowledge of the effects of the febricatlon verlasbles on the
physical properties of this type of laminate. To obtain such informstion,
this investigation was conducted at the National Bureau of Standards
under the sponsorship and with the financial assistance of the National
Advisory Committee for Aeronsutics. The variebles studied 1n the two
previous phases of this investlgation included molding condltions and
fabrig finishes, and the results were reported previcusly (references 1
and 2).

In the course of these experiments considerable varistlions in the
properties of similerly febricated samples were in evidence. It was
suspected that some of these dilfferences 1n properties could be partially
abttributed to variations in humidlty during the febrication of these
laminates. Accordingly, a group of experiments was made to determine
the effects, if any, of humldity during fabricetion and during febric
conditioning on the physical properties of one glass-fgbric polyester
laminate. This report summarizes the results of these experiments.

The assistance of Mr. John Mendel, who made the ststisticel analysis
of the results, is greatly spprecilated.

MATERTALS

The glase fabric selected for this investigetion was Flberglas
181-114, an eight-shaft harness-weave fabric, with a water-repellent
methacrylic chrome complex finish (reference 3). Fiberglas 181 is
1dentical to the one used in earlier phases of thils inveestigatlon
(references 1 and 2) and was selected on the basis of the manufacturer's
recommendation. The choice of Finish 11k was based both on the manu-
facturer's recommendation and on results obtained in the second phase of
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this investigation (reference 2), which dealt with the effects of febric
finishes on some physlcal properties of glase-fabric polyester laminates.

The resin, Laminac 4126, was selected on the basis of comparative
data obtained on seversal polyester laminates by investigators at The
Johns Hopkins University (referemce U4). Further investigations with
Bakelite resin XRS-81, which was used in the previous phases of this work,
were abandoned because of the discontinuance of its production.

The catalyst was benzoyl peroxide, Luperco ATC in paste form. This
paste catalyst conslsts of 50 percent peroxide in tricresyl phosphste.

The cellophane used as & release agent was Sylphrap No. 600 P-1-L.

DEFINITIONS

Flexural strength S: For a beam of rectangular cross section subjJected
to a concentrated load at midspan:

s =3 FL
2 ba2
where
P maximum load )
L span or distance between supports
b width of beam
da depth of beam

Regin content: Amount by weight of resin in lsminate.

Percentage of volds: Estimated volume of voids V, 1n e specimen

expressed in percent of the measured volume Vg of the specimen:-

Vy, =Vg - V'
where
Vg volume of specimen obtained by weighing in water and in eir



v.' volume of specimen calculated on assumption of no voids and
usling measured welght of resin and of glaess fabric in spec-
Imen and known values for density of glass febric and resin

Percent light transmission: Ratio of total amount of light transmitted
by a flat specimen to amount of light incident normal to aspecimen
expressed a8 percent.

PROCEDURES AND EQUIPMENT

Fabrication of Laminates

Preparation of glass fabric.- The fabric was cut into pleces
6.5 inches square. To Xeep the fibers of the fabric from unweaving
during the lmpregnation process, the edges of each plece of febric were
coated with starch.

Conditioning of glass fabric.- The fabric used in the experiments
to determine suilteble molding cycles was dried in an air-clrculeting
oven for one hour at 275° F.

In that portion of this Investigation directed at studyling the
effects of humidity durlng febrication, the febric conditioning included
the following treatments: (a) Drying in an oven for 1 hour at 275° F,
the game as was done in the molding-cycle experiments, (b) drying over
gilica gel for a period of not less than T desys, and (e) conditioning
at 95- to 100-percent relative humidity for a period of 16 to 24 hours.

Preparation of resin.- The resin, Laminac 4126, was mixed with
2 percent benzoyl peroxide, Luperco ATC, in batches of 400 to 500 greams.
The mixture of resln and catalyst was stirred for a period of 20 minutes
with an electrically powered propeller-type stirrer. To minimize the
escape of the more volatile components of the resin, the mixing jar was
covered almost completely during stirring.

Impregnation of fabric with resin.- The fabric was impregnated with
resln by running 1t through a palr of hand-operated squeeze rollers
which were kept coated with resin. Each square of fabrlc was run beitween
the rollers as many tlmes e&s was required for the febric to lose 1ts
opacity. Uniform translucency of the fabric was considered to be the
criterion of sufficilent impregnation. -All resin costing was done 1in
a controlled~humldity chamber which 1s described later.

Panel assembly.- A small amount of resin wes applied to a flat
plece of cellophane. The seven squares of resin-Iimpregnsted fabric were
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laid up successively on thles area. A small amount of additional resin
was applied between plies both to insure an sdequate ampunt of resin and
to minimize entrapped alr. Another plece of cellophane was placed over
the top of the laminate. Air pockets were eliminated by running & spatula
over the surface of the cellophane. This entire procedure was carriled

out in the conbtrolled humidity chanmber. All pleces of fsbric were placed
in the humidity chamber gbout 15 minutes before the resin coating process
was begun. Complete assembly of the parnels was sccomplished in about

10 additional minutes.

After taking the cellophane-wrapped assembly out of this chamber,
the ends of the cellophane sheets, which extended beyond the limits of
the laminste, were folded over and held in place wlth paper clips. The
lay-up was pleced between preheasted glass plates and the assembly placed
in a laminsting press or a circulating-air oven, dependlng upon the
molding cycle used. (See molding conditions.)

Controlled-humidity chamber.- The controlled-humldity chamber was a
cabinet approximately 6 by 2%-by 2 feet. The front of the chamber was
equipped with a s8liding door with two armholes to which were attached
some flexible vinyl-plastic sleeves to serve as a moisture barrier. The
flexibility of the sleeves allowed the operator sufficient freedom of
movement to perform the necessary operations. Rubber gloves were worn
by the operator to prevent the atmosphere in the lsminating chamber from
picking up molsture from his hands and arms.

Low relative humidity, b4 ‘o .10 percent, was maintained in the chamber
by recirculating the air over trays of silica gel. For 45- to 50-percent
relgtive humidity, the trays were filled with a salt solution of quarto-
hydrate calcium nitrate Ca(NO3)2.hE2O. For 95- to 1l00-percent relative

humidity the trasys were filled with water. The sllics gel was changed

at least once every 8 hours of operstion. After several hours of expo-
sure to resin vapors, the silica gel lost a great deal of its desiccating
efficiency. The efficilency of the gel could not be restored by heating.
To attain high humidities it was necessary to use hot water initially in
the trays. Once the atmosphere in the chamber sttained the high humidity,
the maintainance of this condition was not difficult.

Humidity was measured wilith a palr of wet and dry bulb thermometers
inserted into the chamber through an opening in the side. The thermom-
eters were placed directly over the exhaust end of the blower system.

To allow the operator to cbserve the preparation of the laminsate,
the humidity chamber was equipped with a glass top, had a small glass
table inslde, and a window in the bottom with & light below.
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Molding and humidity conditions.- To determine sultable molding

cycles, duplicate panels were molded. &t 265° F for 1 hour, at 250° F for
and 3 hours, at 220° F for 1.5, 3, and 6 hours, at 160° F for 24

and ﬂ8 hours, and at 160° F for 48 hours, with an additional cure at
250° F for 2 hours. The fabric used in msking these panels was oven-
dried for = pericd of 1 hour at 275° F and the resin coating was done
at e humidity of L to 8 percent. On the basis of flexural-strength data,
three molding cycles were selected as suitable. These were 160° F for
48 hours, 220° F for 3 hours, and 250° F for 2 hours. To determine the
effects of humidity during fabrication on this type of laminate, panels
were molded at these three molding cycles and at five different conditions
of humidity. These conditions of humidlty were as follows:

In condition A, the fabric was oven-dried for a perlod of 1 hour
at 275° F and was resin-coated at a low humidity, 4 to 8 percent.

In condition B, the febric was drled over silica gel for at least
1 week before belng coated with resin. In thls condition, the fabric
was coated with resin at the same low humidity as that in condition A.

In condition C, the fabric was conditioned over silica gel as in
condition B. The coating of the fabric with resin was done at h5— to »
50-percent relstive humidity.

In condition D, the fabric wae conditioned over silica gel as in -
conditions B and C. The coating of the fabric with resin was done at
95~ to 100-percent relative humidity.

In condition E, the fabric was condltioned at 95- to 100-percent
relative humidity for a period of 16 to 2% hours. The coating of the
fabric with resin was also done at 95- to 100-percent relative humidity.

Triplicate panels were fabricated under each combination of molding
cycle and humidlty conditions B, C, D, and E. Only single panels were
febricated at condition A and the three molding cycles, slnce duplicate
panels had already been masde at these combinations of conditlons in
determining suitable molding cycles. The pressure used in molding all
these panels was 0.7 psi.

Duplicate or triplicate panels were also fabricated at a pressure
of 2 pei for conditions A and B at the three molding cycles, and for
conditions D and E at & molding cycle of 220° F for 3 hours.

Operation of molding apparatus.- The press used was & 10-ton hand-
operated Carver laminsting press, Model No. 126, equipped with steam- -
heated platens and a steam~pressure control valve to regulate the tem-
perature. Temperatures were checked with a mercury thermometer placed
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in & well in one platen and were maintained to *1° C. The weight of the
moveble platen of the press was sufficient to give the desired pressure
of 0.7 psi. For pressures of 2 pei, an additional 48-pound weight was
used. The press was used for moldings at 220° and 250° F.

) For moldings at 160° F a circulating-air oven was used. Dead weights
were used to provide the desired pressures of O.7 and 2.0 psi.
Testing of the Lamlnates
Conditioning of specimens prior to testing.- All specimens were

conditioned for a minimum of 7 days at & temperature of T7° F and
50-percent relative humidity prior to testing.

Flexure testzs.- The flexure specimens were cubt to a length of 2 to
2.5 inches, depending on the thickness of the laminate. These specimens
were machined by dry grinding to = width of 0.500 % 0.005 inch. The
thickness was that of the laminate which veried between 0.08 and 0.10
inch. Thicknesses were measured to $0.0002 inch.

The tests were made on two Baldwin-Southwark universal hydraulic
testing machines of the fluid-support Bourdon-tube type. The mechines,
which had capacities of 2400 and 60,000 pounds, respectively,’ each had
a 240-pound lowest range; the range was accurate to within 1 percent at
the loads encountered and was used for all tests. Each machine was
located in a room combrolled et T7° F and 50-percent relative humidity.

A verigble-gpan flexure Jjig wes used for testlng the specimen as a
slmple beam loaded at midspan. The contact edges of the supports and the
pressure plece were rounded to a radius of 1/32 of an inch. In testing,
the span-depth ratio was set at 16 to 1 with the span controlled to
+0.001 inch. The speed of testing was 1n accordance with the formula
in Method 1031 of reference 5.

Where duplicate panels were made, 12 specimens oriented in the
450 diagonal direction were taken from each panel. Half of them were
tested after conditioning for 7 days at T7° F and 50-percent relative
humidity and half after 7 days' immersion in water at T7° F. Tests were
made mainly on diagonally oriented specimens because it was belleved that
the flexure propertles for thils directlon were more sensitive to changes
in molding conditions than for the lengthwise direction.

In cases where a triplicate set of panels was febricated under a
particular combinatiorn of varlsbles, for one panel six speclmens were
cut on the diagonal and slx In the lengthwise direction of the fgbric,
three speclimens of each kind being tested dry, that is, after T days
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at 77° F and 50-percent relstive humidity, and three wet, that is, after
7 days' Immersion in water.

Specific gravity.- Specific gravity was measured on the flexure
specimens by the displacement-of-water technique according to Method 5011
of reference 5. An anslytical balance was used in weilghing the specimens
both 1n air and in water.

Resin content.- The resin content was obtained as follows: For the
initiel weight of the specimen, the value obtalned in determining the
specific grevity was used. The specimen, after being tested for flexural
strength, was heated for 2 hours at 800° to 900° F in a muffle furnace
to remove the resin and fabric sizing. After cooling, ‘the residue of
the specimen, that is, the glass fabric remeining, was welghed. The
weight of residue was dilivided by the factor 0.997 to correct for the
slzing removed, the corrected value belng the initial weight of the glass
fabric 1n the specimen. The factor 0.997 was obtained by comparing the
welght of a sample of conditioned glass febric with the weight of the
game sample after belng heated similarly to the specimens. The amount
by weight of resin in the specimen was taken as the difference between
the initial weight of the specimen and the initial weight of the glass
fabric in the specimen. .

Percentage of voida.- The percentage of volds in a specimen was
determined as follows: The volume Vg of the specimen (see definitions)

was calculated from the weight of the specimen in air and in water,
determined previously (see section on specific gravity). The volume of
reslin 1n the specimen was computed using a velue of 1.21 for the specific
gravity of the resin. This value was determined experimentally on 10
specimens of pure resin accordlng to Method 5011 of reference 5. The
volume of glass in the specimen was computed from its initial weight and
specific gravity. The value for the specific gravity of the glass was
taken as 2.51.

Light treansmission.- Total light tranemission was measured according.
to Method Ro. 3021 of reference 5.

RESULTS AND DISCUSSION

The data obtained on panels molded &t the 10 different molding
cycles used to determine suitable curing cycles are shown in tsble I.
A statistical grouping of the flexursl-strength data of table I is shown
in table II.
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The results of tests obtalned on panels made at the five different
humidity conditions and molded at three molding cycles are shown in
tables IIT, IV, and V. Grouping of these data according tq statisticaelly
significant differences in flexural and other properties is shown in
tables VI, VII, angd VIII.

Effects of Molding Cycle

The statistical analysis of the flexural-strength dats, (tebles I
and II) on panels molded at 10 different combinations of time and tem-
perature indicates that panels molded for 2 hours at 250° ¥, for 3 hours
at 220° F, and for 48 hours at 160° F had equal or higher dry strengths
than panels molded for shorter and longer perilods of time at these tem-
peratures. Accordlingly these cure cycles were selected for the subse-
gquent experiments on the effects of humidity during febricstion.

It is noted that panels molded at 265° F for 1 hour were signifi-
cantly lower in strength than panels molded at any of the other nine
molding conditions. Laminates molded at 160° F for 48 hours with an
additionsl cure of 2 hours st 250° F did not differ significantly in
strength (table II) from those molded at 160° F for 48 hours with no
additlonal cure.

Data on the other properties of these laminates (table I} reveal
no differences in values whilch would affect the selection of the molding
cycles to be used for the study of the effects of humidity.

Values of other properties of panels molded at the three cycles
selected as suitable are lncorporated into tables III, IV, and V. Dis-
cussion of these propexrties of the panels is included in the effects of
humidity on each of the various properties.

Effects of Humidity During Febricatlon

Tebles III to VIII and figures 1 to 9 show data on laminstes molded
at the three molding cycles and fabricated at the five different condi-
tione of humidity.

Effects of humidity on dry flexural strength.- Table III and
figure 1 show the dry disgonal flexursl strength of laminates fabricated
at these five different conditions of humidity and molded at the three
different curing cycles. Table VI shows the statistlical grouping of the
data.

The essence of the flexursl-strength results, as shown by this
table and by figure 1, is as followe: Varylng the reletive humidity
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during conditioning and resin coating has mo significant effect on the
dry strength of panels cured at 160° F for 48 hours but has a marked
effect on the strength of lamlnates cured at the recommended temperatures,
220° to 250° F. Thus as the relative humidity during resin coating is
increased, the flexural strength 1s much reduced with the reduction
greater for 250° than for 220° F cure. '

The magnitudes of these changes for laminates made at 0.7 psi are
as follows:

For the two low humidity conditions A and B, the dry flexural !
strengths, about 24,500 psi, do not differ significantly at 220° and
250° F but are slightly, although significantly, less than 27,500 psi,
the value for the 160° F, 48-hour cure.l For the moderate condition C,
in which the relatlive humidity was 50 percent during resin coating, the
resulting flexursl strengths for the 220° and 250° F cures, 20,500 and
17,000 psi, respectively, are already appreclably as well as significantly
lower than the values for resin coating in dry air (A and B}.

For cures at 220° and 250° F at the times selected, the effect of
resin coating st 95-percent relative humidity as in conditions D and E
is the reduction of the strength to average values of about 14,000 and -
11,000 psi, respectively. It should be noted that the beneficial effect
of drying the fabric over silica gel ir condition D is practically nul-
lifled by the high humidity during resin coating since for conditions D -
and E at the 220° and 2500 F cures the strengths were reduced to nearly
the same level.

Since conditions A and B are quite similar and also D and E, it was
decided to analyze statistically daeta for a pressure of 0.7 pei for the
gbove conditions; the results of this snalysis are shown in table VIT.
This table shows that for each molding cycle panels febricated at
condition A are not significantly different in strength from panels
molded at condition B.

Table VII also shows that panels molded at condition D do not differ
significaently in strength from panels molded at condition E, at 250° and
160° F. Panels made at condition D sre shown to have a significantly
higher strength than those made at condition E, at 220° F. There is
little, if any, logical explanation for this apparent anomely, so it must
be agcrlibed to chance fluctuatlons.

11t 1e interesting to note that in previous work (reference 1) with
a different polyester resin, the highest strengths were obtalned with a ~
gimlilar long cure at 160° F in contrest with cures at the recommended
temperatures which were much higher.
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It is interesting to note that the dry flexural strengths for peanels
prepared at all humidity conditions and cured at 160° F for U8 hours were
significantly higher (at the 99.9 percent level of confidence) then their
values for other cures'with any humidity condition.

Effects of humidity on wet diagonal flexural strength.- Teble ITT
shows the strength of leminates molded at the different conditions of
humidity and temperature, tested wet after T days' immersion in water.

A comparison of figures 1 and 2 shows -that the trends for the dif-
ferent humidity conditions of wet strength as the molding temperature is
increased are very similar to those for dry diasgonal flexursl strength.
Likewlse, the statistical grouping of the wet-strength deta is similear
to that for dry diagonal flexural strength. As before at the 160° F cure
there is little effect from varying the humldity during fabriceation,
whereas for the 220° and 250° F cures the strength diminishes with
increasing bhumidity.

The diagonal flexurel strength of panels molded at O.7-psi pressure
ranged as follows:

(1) For a molding temperature of 250° F from T200 psi at condition D
to 17,900 psi in panels made at condition A

(2) For a molding temperature of 220° F from 8900 psei in panels made
at condition E to 17,100 psl in panels made at condition A

(3) For a molding temperature of 160° F from 17,500 psi in panels
made at condition D to 19,900 psl in penels made at condition A
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To summarize the effects of varylng the humidity during resin

coating on the dry and wet diagonal flexural strengthe, these properties
for conditions B, C, and D may be expressed in percent of the value at

condition B as follows:

Condition and relative humidity during coating
Cure B, 5-percent | C, 50-percent | D, 95-percent
temperature | Condition relative relative relative
(oF) when humidity humidity humidity
tested
Flexural strength
(percent of strength at condition B)
250 Dry 100 66 Lo
Wet 100 65 Yo
220 Dry 100 85 6L
Wet 100 83 55
160 Dry 100 96 93
Wet 100 103 95

EBffects of humidity on flexursl strength, lengthwise.- Flexural
strength lengthwise (table IV} was affected by humidity during fabri-
caetion in the same manner as was the flexural strength on the disgonal.

The values for lengthwise strength varied from 1%,900 psi in panels
made at condition E and molded at 250° .F to 45,000 psl in panels made at
condition A and molded at 160° F at the same pressure.

Wet flexural strength lengthwise ranged from 10,200 psi in panels
made at condition D and molded at 2500 F to 34,800 psi in panels made
at conditlon B and molded at the same temperature.

Effects of humidity on percent loss in strength due to water
Immerslon.- The percent loss in dlagonal flexursal strength due to water
immersion 18 gilven in tables III and VI. It ranged from 25.4 percent
for panels made st condition E and molded at 250° ¥ to 40.6 percent in
panels made at condition D and molded at 220° F.

The data show conglderable scatter aznd no definite conclusions
regarding any definite trends eppear Justified. An exception to this
general statement occurred for panels molded at condition D at 220° F.
Panels molded st this condition and temperature show a LO-percent loss in
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strength which i1s much higher then in panels made at any of the other
conditions. Two panels molded at 2.0 psi exhibited simllar high losses.
The reason for thile apparent anomaly is not clear, especially since panels
fabricated at condition E, s somewhat simllar conditlon, displayed no
unduly high percent lose of strength due to water immersion.

Effects of humidlity on specific gravity.-. For & molding pressure of
0.7 psi the specific gravity (tables V and VIII, fig. 3) varied from
1.32 in panels made at condition D and molded at 250° F to 1.66 in panels
made at condition E and molded st 160° F.

The most significent differences occurred in panels fabricated at
conditions E, D, and C at temperatures of 250° and 220° F. Panels molded
at these temperatures at conditions A and B, and those molded at 160° F
at all five bumidity conditions showed no significant dlifferences 1n
gspeclfic gravity.

Effects of humidity on resin content.- The resin contents of panels
made at the different humidities and molding cycles are shown in
tables V and VIIT and figure 4. The resin content varied from 31.1 per-
cent in panels made at condition E and molded at 250° F to 46.0 percent
in panels made at condition A and molded at 160° F.

The influence of humidity on resin content is least for cures at
160° F and greatest for cures at 250° F. Thus, while the general trend
for each cure tempersture ls a decrease in resin content as the humidity
during fabrication is increased, for cures at 160° F the resin-content
values, except for condiltion B, did not differ significamtly from one
another (teble VIII). For cures at 250° F, however, the resin contents
for conditions A, B, C, D, and E were successively lower in theat order
and significantly so. '

Effects of humidity on voids.- Data on volds are glven in tables V
and VIII and figure 5. The effect of humidity during fabrication on the
voids content 1g somevhat similar to that for reein conient. Thus, the
influence of humidity i1s least for cures st 160° F and greatest for cures
gt 2500 F. The general trend for each cure temperature is an increase in
volds content as the humidlty during fabrication is incressed. However,
as Indiceted in teble VIII, for cures at 160° F the velues for volds
content for conditions A tg E do not differ significantly, the range
being -0.2 to 1.2 percen.‘t.2 For panels molded at 250° F the voids

2The reason for obtaining a negative volds content in some panels
is that this calculstion 1s based on the speciflic gravity of the resin
as obtalned commercially. However, Iin molding the panels at a temperature
of 160° F some of the styrene monomer is lost before the resin is fully
cured. Since the styrene 1s the low-density component of the copolymer,
a decrease 1n the styrene content of the resin will result in a copolymer
of higher density than that of the original resin, as received from the
manufacturer.
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contents ranged from sbout 1.6 percent for conditions A and B to

25.7 percent for condition D. It 18 noted that the values for the voids
content of the panels molded at 220° and 250° F with humidity conditions
A and B were 2 percent or less and did not differ significantly from the
corresponding deta for panels molded at 160° F.

Panels molded at 250° F had a significantly higher voids content
than those molded at 220° F for the higher humidity conditions C, D, end
E; for the low humidity conditions the voids values for the panels molded
at 220° and 250° F did not differ significantly.

Effects of humidity on light transmiseion.- Data on light trans-
mission of panels made at the various humidity conditlons and temperatures
are shown in tables V and VIII and figure 6. For panels molded at 0.7 psi
the light transmission increased from 1 percent in panels made at condi-
tion D and molded at 250 F to 50 percent in panels made at condltion A
and molded at 160° F.

Light-transmission data were gathered in the belief that the degree
of translucency of a panel was an indication of the intimacy of the
resin~fabric bond.

Panels made at 81l condltions of humidity except E, and molded at
160° F, had the highest degree of translucency. ILight transmission for
these panele ranged from 35 to 50 percent. Panels molded at condition E, "
at this temperature, had a light transmisslon of 1k percent.

Panels molded at 220° and 250° F ranged in light transmission from
1 to 15 pércent, depending upon the humidity conditions at which they
were febricated. It is noted that for the low humidity condltions A
and B, and curee at both 220° and 250° F, the light-transmiseion values
did not differ significantly.

Relationships between Properties

Relationshlp of wet to dry strength.- The relationship of wet to
dry dlesgonal flexural strength is illustrated in figure 7. Since this
appears almost as a straight line, it can be concluded that the wet
gtrength of a panel 1s directly dependent upon its dry sirength. Depar-
tures from the straight line msy be expleined by the fact that wet- end
dry-strength deta must be obtailned on two different specimens and hence
the ratio of the two strengths is somewhat influenced by specimen-to-
specimen variability of the results. It should not be inferred that
laminates made with different glass fabric, fabric finish, or resin would .
necessarily show this same relatlonship between dry and wet strength.
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Relationship between volds content and flexural strength.- The
flexural strength of a glass-fabric leminate bonded with Laminsc 4126
1s definitely related to 1ts volds content. The strength increases ss
the amount of volds is decreased. Thise relationship 1s illustrated in
figure 8. The existence of such a relationship emphasizes the neceseity
of quantitative measurement of voldse in this type of laminste, and the
need for developing laminating technigues which reduce the amount of
voide to a minimum.

Relatlonship of light transmission to volds.- It has been remarked
in the section on the effects of humidity on light transmission, that
this property is believed to be a measure of the intimacy of the resin
glass-fiber bond. Since in some respects volds are also a measure of
this property, it could be expected that a reletionship exists between
the light transmission and the amount of volds in the laminate. This
relationship 1s shown in figure 9.

STATTISTICAL, ANATYSIS

The flexural-strength data in table III were initially treated by
"Analysis of Variance." The presence of considersble interaction between
relative humidity and molding temperature shown by these anslyses made
a different method of analysis more desirsble. The procedure, which was
applied to all the data in the table, 1s based on ranking of the data for
each property such as dry flexural strength, according to incressing
velues of this property for the various molding conditions. It was then
tentatively assumed that all averages belonged to the same statistical
populetion. Subsequently this hypothesls was abandoned whenever the
differences between successive averages exceeded what might be expected
on the basis of chance. As a result of this treatment separations in
the series of averages were made on two dlfferent levels of confidence,
namely, 99.9 and 99 percent. A double line in the table, corresponding
to a 99.9-percent level of confidence, indicates a relatlvely high degree
of certainty that the separated values belong to different populstions.

A single line, corresponding to a S9-percent confidence level, indicates
a feirly definite separation. A more detaliled discusslon of this statis-
tical grouping procedure3 is given 1n the gppendix.

It must be recognized that any grouping procedure wlll occaslonslly
result in erroneous grouping. Thus, in the case of two different but
overlapping populations, it will occaslonally happen that an observation
belonging to the lower population willl equal or even exceed an opservation

3The procedure, developed by Mr. John Mandel of the National Bureau
of Standerds, has not yet been published.
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belonging toc the higher population. On the other hand there 1s the risk
of erroneously separating observations which actually belong to the same
population, but which by chance effects differed more than one would
expect. This latter risk, known as the "level of significance", 1s equal,
in the procedure here adopted, to 0.1 and 1 percent for cuts made at the
99.9 and 99 percent levels, respectively.

It wlll be noted that the application of thils procedure occasionally
leads to apparently paradoxical situations, namely, when a difference
occurring in the central region of a sequence is considered significant,
while an even larger difference near the beginning or the end of the
sequence is not considered significant. This 1s due to the fact that in
& homogenecus set of observations the middle ones are, on the average,
spaced closer than those occurring near the ends. The paradox can be
resolved by observing that the problem considered here is not to separate
pairs of values, but rather to separate all values into homogeneous
groups.

CONCLUSIONS

This investigation has definitely established that several physical
properties of glass-fabric laminates made of Fiberglas 181-114 and bonded
with an urnsaturated polyester resin, Leminac 4126, are affected by hummid-
1ty during fabrication if molding 1s done at the recommended temperatures
of 220° to 250° F. Tt has also been established that these effects of
humidlty are decreased and elmost completely eliminated if molding tem-
perstures of 160° F are employed.

Specifically, these effects can be summarized as follows:

1. At molding temperatures of 220° and 250° F an increase in humidity
during fabrication and during fabric conditloning affects the finished
laminate as follows:

a. Decreases its flexural strength, both wel and dry, with a
greater effect at 250° F than at 220° F. Thus, for laminates molded
at 220° F with a relative humidity during febrication of 50 percent,
the flexural strength is 15 to 20 percent less than that for lami-
nates made at S5-percent relative humidity; at 95-percent relative
humidity the flexural strength is 40 to 50 percent less.

b. Decreages its specific gravity.

c. Decreases its resin content.
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d. Increases 1ts volds content.
e, Decreasesg ite light transmission.

2. At a molding tempersture of 160° F, an increase in humidity
during febrication and febric conditioning produces little or no effect
on the properties of the laminate.

This investigation has slso esteblished the existence of & relstlon-
ship between the percentage of voids and the flexursl strength of this
type of glass-febric polyester laminate. This emphasizes the need for
producing vold~free laminstes.

It has also been shown that the light-transmission properties of a
leminate are related to the percentege of volds. From this relationship
it appears that the measurement of thils opticel property in certain types
of laminetes may be useful in determining thelr soundness and as & meas-
urement for quality control.

Natlonal Bureau of Standards
Washington, D. C., October 9, 1950
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APPENDTX
STATISTICAIL: GROUPING

In order to use the grouplng procedure employed in this study it
is necessary to know the standerd deviation of the individual values in
the Bequence. Each value listed in the tables is an average of the values
for a triplicate set of panels. ZEach triplicate set of values yields
information on the variabillity of panel averages. By pooling thie infor-
mgtion for the varlous sets of triplicates a more rellable estimate of
this variebility is cbtained. The standard error 8p corresponding to

the average of each set of triplicate panels is then easily calculated.

Mo P~T7T At PR 1 ) rartanng mramarhd
i€ 10.L10WiDg &are the values of np for the various pPropervies:

Property 8p

Dry flexursl strength . . 0.8 x 103 psei
Wet flexural strength 0.6 x 103 psi
Percent loss in flexural strength 2.24 percent

Resin content 0.7h4 percent

Specific gravity 0.18

Voids 0.83 percent

Light transmission 2.2 percent

The grouping procedure ocutlined in the section entitled "Statistical
Analysis" was carried out. Whenever a 99.9-percent separation or "cut"
was made the separated values were considered to belong to different
populatione and the grouping procedure repested on the subgroups.

As an additionel check on the gbove grouping, an estimate of the
standard deviation corresponding to the aversges in & subgroup s,
obtalned from the range of the subgroup was compared with the standard
error sp. If 8y was found to be significantly larger than 8p at
the 95-percent level of confldence or better, then 1t was consldered thet
the subgroup was not homogeneous, that 1s, it includes two or more over-
lapping populations. Such subgroups are identifled in the table by a
bracket and cross. If for a subgroup s, was significantly less than
Bp at the 95-percent level, as occurred in table II for loss in flexural

strength, the separation was indicated as only tentative.
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TABIE I.- EFFECTS OF DIFFERENT MOLDING CYCLES ON PROPERTIES OF FIBERGLAS 181-11%

TAMTNATES BONDED WITH LAMINAC 4126 RESIN AT 0.7-PSI PRESSURE

Loas In flemural

Resin

Molding cycle Dia.%xo'enal flexural Di:gonal ﬂexnia.l l th due to content |Bpecific ( Voig: o Lighti
¥ ngths dry ranghhs Vet |vater immersion |(percent by|gravity |‘PSTCE by | transniselon

Temperature| Time (pel (pei1 (percent) yeight) volume) (percent)
(or) | () (a) (a) (b) (c) (c) (c) (a)
265 1 20.6 x 103 15.6 x 103 24,5 by 1.62 1.9 3
= |t | gs | w 22 |82 1| %

2 25. . .0 . . .

3 23.1, 16.4 28.9 k3.8 1.62 1.6 18
220 1.5 22.0 16.0 27.5 b7 1.62 .9 12
3 2k.3 17.0 29.6 k.6 1.64 .5 1is
6 ah.5 7.k 29.0 by, 7 1.64 2 18
160 2k 24.9 18.6 25.5 .3 1.66 -k 52
48, 21.6 20.1 28.3 k5.9 1.63 -.3 50
2160 - 250 |48 - 2| 26.7 18.6 30.2 ys5.2 1.6k -.2 38

SData based on results for 12 specimens taken equally from 2 panels.

Ppata based on the average resulis for six dry and six wet specimens taken from each of two pansals.

“Data based on resulte for 2k specimens taken equally from 2 panels.

Opats based on eight readinge taken equally on two panels.
®Molding cycle of 160° F for 48 hr with an additional cure at 250° F for 2 hr.

é
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TABLE TI.- GROUPING OF DTAGOWAL-FIEXURAL-STRENGTH DATA OF TABIE I

ACCORDING TO STATTSTICALLY SIGNIFICANT DIFFERENCES

as follows: A single line between values fndicates that the
valueg are statistlcally different at a level of confldence
between 99 and 99.9 percent. A broken line indicates a
tentative separation. The symbol }x hepide & subgroup
indicates that the latter contalns overlapping populations.| -

[me notations used for statistical grouping in this table are

Molding cycle Flemural Molding cycle Flegral Molding cycle {..z:-: n;-bnh f:ézem.lb'g.l
Temperature| Time Btrengbh$ ary| Mepperature| Time |Strergth, wellpeppergture| Time |water fmmersion
(°F) ) (pet (°F) (Br) (pat) (°F) (ar) | (percent)
265 1 20.6 x 103 265 1 15.6 x 103 265 1 24.5

220 1.5 | 16.0 160 ol 25.5

200 1.5 |22.0 Ll 250 3 [ 16 e S FRMETN U —
2020 1.5 27.5
250 3 23.1 ' 220 3 17.0 160 B | 28.3
= 250 ) 17.1 250 3 28.9
220 3 p4.3 200 6 17.4 250 -1 29.0
220 6 2.5 250 2 29.0
160 oh 2.9 250 1 18.2 220 6 29.0
250 2 25.5 L | 160 2 18.6 220 3 29.6
250 1 25,8 8160 - 250 |48 - 2] 18.6 8160 - 250 |48 - 2 30.2

a160 -.250 |BL8 - 2|[26.7 160 48 20.1
160 48 7.6

- BMolded first at a temperature of 160° ¥ for 48 hr and thep at a temperature of 250° F for 2 hr.

HAGAT
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TABIE ITI.- DIAGONAL-FLEXURAL-STRENGTH PROFERTIES OF FIBERGLAS
181-11% LAMINATES BONTED WITH LAMINAC L1256 RESIN

AT DIFFERENT MCLDING AND HUMIDITY CONDITIONS

Molding conditions H\midity(c?nditions
a
Pressure erature | Time
(ps1) °rF) (hr) A ] B c D E
Flexursal streng'bh,b dry
(pei)

0.7 250 2 |2k.9 x 103 25.2 x 103 | 16.7 x 103 | 10.6 x 103| 10.8 x 103
220 3 |{23.5 24.0 20.5 15.k 12.0
160 48 | 26.9 28.2 27.1 26.2 26.4

2.0 250 2 }2ak.9 €25, 7 = |- | e | e
220 3 }25.0 (o O [ — ©18.0 €13.4
160 48 }e28.2 €30.2 | memcemmmmn | mmmmmmmmmen | mmmmaeeceea

Flexural a't'.rength,b wet
{psi)

0.7 250 2 |17.9x103] 17.6 x103J11.% x 103} 7.2 x103] 8.0 x 103
220 3 {17.1 16.7 13.8 9.2 8.9
160 48 {19.9 18.5 18.0 17.5 18.3

2.0 250 2 {19.0 €18.2 | emmmmmemee | oo | mmemeenees .
220 3 |19.3 €18.6 = | memmmmma-- ©10.6 9.k
160 48 | 21.6 Lo7-1 10 " [ S T

loss in flexural strength due to water immersion,d -
(percent)

0.7 250 2 28.1 29.9 31.6 31.9 25.4
220 3 26.7 30.4 32.4 40.6 26.2
160 48 £5.8 33.9 29.9 32.8 29.9

2.0 250 2 23.8 29,1 B IS
220 3 22.9 €30.7 — €41.3 ©30.3
160 k8 23.4 €32,k cece | mmmee ] eeee-

&he preconditioning of the fabric apd impregnation of the fabric with reain were done
under the following conditions: *

Condition A: Fabric oven-dried at 135° C for at least 2k hr and impregnated at a low
relative humidity, I to 8 percent, at room temperature

Condition B: Fsbric dried over silicsa gel for at least T deys and impregnated at &
low releative humidity, 4 to 8 percent, at room temperature

Condition C: TFabric dried over silica gel for at least T days and impregnated at
45- to 50-percent relstive humidity

Condition D: Fabric dried over silica gel for at least 7 dsys and impregnated &t
95- to 100-percent relative humidity at room temperature

Condition E: Febric conditioned and impregnated at 95-percent relative humidity at
room temperature

bpate based on 15 specimens, 12 being taken equally from 2 panels and 3 from the third,
unless otherwise specified.

Cpate based on 12 specimens taken equally from 2 panels.

dpats based on the average of the three panels from which flexural strength specimens
vere taken, unless otherwise specified.

€pata based on the average of the two panels from which flexural strength specimens

were taken.
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TABIE IV.- LENGTHWISE FIEXURAL-STRENGTE DATA OF FIBERGLAS
181-11% LAMINATES BONDED WITH LAMINAC 4126 RESIN AT

DIFFERENT MOLDING AND HUMIDITY CONDITIORS

Molding conditions Emidity(cc)mditions
{1
Pressure | Temperature | Time
(psi) (°rF) {nr) A B c D B
Flexurel strength,2 dry
(psi)
0.7 250 2 | 1.9 x 103 | k6.5 x 103| 28.7 x 103| 15.7 x 103| 1%.9 x 103
220 . 3 1 k.5 k3.9 35.8 23.4 20.3
160 X8 | k5.0 Ly ) 3.9 2.8 Li.7
2.0 250 -3 [ T A OO -
220 3 | s L5.1 -—— - ---
160 48 | ecmmmmeeee i7= 50 AR (JCHVEPEPREPEEVN USRSV [ S
Flexural strength,Z wet
(psi)
0.7 250 2 132.1 x 103 ] 34.8 x 103 19.2 x 103} 10.2 x 103] 12.0 x 103
220 3 }32.2 31.7 22,3 15.0 17.2
160 8 | 33.0 32.6 32.3 30.2 32.9
2.0 250 p- R [N 33.8 | oo
220 LI [ —— 32.5 T I S TV
160 I 33.6 -— -
Losa in strength due to water immersion3
(percent)
0.7 250 2 23.k 25.2 33.1 35.0 19.5
220 3 2h.2 7.8 37-7 35.9 15.3
160 k8 26.7 26.6 26.1 29.4 21.1
2.0 250 2 —— 6.7 -— — ——
220 3 —_—— 28.0 — —_— —_——
160 48 —— 32.0 _— — _—

Imhe preconditioning of the fabric and impregnstion of the febric wlth resin were done
under the following conditions:

-

Condition A: Fabric oven-dried at 135° C for at least 2k hr and impregnated et a low
relative humidity, I to 8 percent, at room tempersture

Condition B: Fabric dried over silica gel for at least T days and impregneted at a
low relative humidity, 4 to 8 percent, at room tempersture

Condition C: Febric dried over silica gel for at least 7 days and Impregnated at
45- to 50-percent relative humidity

Condition D: Febric drled over silice gel for at leaat T days and impregnated st
95-.to 100-percent reletive humidity at room temperature

Condition B: Febric conditioned and impregneted at 95-percent relstive humidity st
room tempereture ’

2pate based.om three specimens taken from one panel. )
3peta based on difference of dry and wet sirengths as given in upper portions of

this table.
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TABLE V.- DENSITY AND LIGHT-TRANSMISSION FROPERTIES OF FIBERGLAS
181-11% LAMINATES BONDED WITH LAMINAC L126 RESIN AT
DIFFERENT MOLDING AND EUMIDITY CORDITIONS

Molding conditions Emidity(conditionl
a}
Pressure Tenperature Time
(pei) fgﬁ‘) (br) A J B ] c D ]
Bpecific gravityP
0.7 250 2 1.62 1.64 1.50 1.32 .44
220 3 1.62 1.62 1.55 1.48 1.50
160 48 1.63 1.6k 1.62 1.65 1.66
2.0 250 2 .6 €1.63 - -
220 3 1.63 Cr.6h | eeee- €1.58 €1.60
160 k8 1.65 €167 | ==—mm | mmmmme | eemma-
Resin comtentP
(percent by weight)
0.7 250 2 .29 ¢ ko.3 39.7 3h.6 31.1
220 3 45.1 |3 L1 37.0 3k.2
160 48 46.0 5 45.6 3.6 1.7
2.0 250 . 2 42.3 Chz.9 - -
220 3 k2.3 % 17- S [— S3h.k €30.7
160 48 k3.3 Cha.T
VoidsP
(percent by volums)
0.7 250 2 1.3 2.0 12.4 25.7 21.6
220 3 2.0 1.9 5.8 15.2 16.3
160 48 -2 -.1 R .6 1.2
2.0 250 2 3.0 €2.0 [ e R
220 3 2.6 €1.2 ——— €11.3 €13.h
160 18 6 S0 R R
Tight transmissiond
(percent)
0.7 250 2 1 1. .2 1 L
220 3 1% 15 T T 2
160 48 50 1y ko 35 1k
2.0 250 2 9 €12 -— -—— _—
220 3 10 ®19 -- 10 &2
160 L8 47 elg - _— -

EThe preconditioning of the fabric and impregnation of the febric with resin were done under the
following conditions: -

Cordition A: Fabric oven-dried at 135° C for et least 24 hr and impregnated at a low relative
humidity, 4 to 8 percent, at room tempersture

Condition B: Fabric dried over silica gel for at least 7 days and impregnated at a low relative
humidity, 4 to 8 percent, at room temperature

Condition C: Fabric dried over silica gel for at lesst T days and impregnated at 45- to S50-percent
relative humidity

Condition D: Fabric dried over silica gel for at least T days and impregnated at 95- to 100-percent
relative humidity at room temperature

Condition BE: Febric conditioned and impregnated at 95-percent relative humidity at room temperature

bData based on 36 specimens taken equally from 3 panels, unless otherwine specified.
CData based on 2l specimens tsken equelly from 2 panels.

dDa'ta baesed on average of 12 readings teken equally on 3 panels, yplepa otherwise specifiend.
€Data based on average of eight readings taken equally on two panels.
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TABIE VI.- GROUPING ACCORDING TO STATISTICALLY SIGRIFICART DIFFERENCE
OF DIAGONAL-FLEXURAL-STRENGTH DATA OF TABLE IIT FOR

LAMINATES MOLDED AT O.7-PSI PRESSURE

l_'__Ehe notations used for statistical grouping in this table are as
follows: A single line between values indicates that the values
are statistically different at a level of confldence between
99 and 99.9 percent. A double line indicates that the values
are statistically different at a level of confldence betiter than
99.9 percent. The symbol }x beside a subgroup indicates thet
the latter conbtalne overlapping populations.

Flexural Flexursl Ioss in

Sample gtrength, dry | Sample gtrength, wet Sample strength

(1) (pais (1) (psis (1) (percent)
DL 10.6 x 103 DL 7.2 x 103 E1l 25.4
El 10.8 E1 8.0 A3 25.8
E2 12.0 E2 8.9 E2 26.2
D2 15.k D2 9.2 A2 26.7
c1 16.7 c1 11.% Al 28.1
(7] 20.5 c; 13.8 Bl 29.9
A2 23.5 B2 16.7 c3 29.9
B2 2k.0 Ao 7.1 E3 29.9
Al 2h.9 D3 17.5 B2 30.4
B1 25.2 Bl 17.6 c1 31.6
D3 26.2 Al 17.9 Ly DL 31.9
E3 26.4 E3 18.3 c2 32.4
A3 26.9 B3 18.5 D3 32.3
C3 27.1 C3 19.0 B3 33.9
B3 28.2 A3 19.9 | D2 k0.6

1p1phabetical portion of sample designation refers to humidity
condition at which panels were febricsted: A, febric oven-dried at
1359 ¢ for at least 24 hr and impregneted at a low reletive humidity,
L to 8 percent, at room temperature; B, febric dried over silica gel
for at least 7 days and impregnated at a low relative humidity, I to
8 percent, at room temperature; C, fgbric dried over silica gel for
at least T days and impregneted at 45- to 50-percent relative
humidity; D, febric dried over silice gel for at least 7 days and
impregnated at 95- to 100-percent relative humidity at room temper-
ature; E, febric conditioned and impregnated at 95-percent relative
humidity at room temperature.

Numerical portion of designation refers to moldling cycle: 1,
250° F for 2 hr; 2, 220° F for 3 hr; 3, 160° F for 48 hr. _
"\,‘I:IFACA7



TABLE VII.- GROUPING ACCCRDING TO STATISTICALLY SIGHIFICANT DIFFERERCES OF FLEXURAL-STRENGIE DATA
OF TABIE VI FCR PANELS MOIIED AT 0.7-PSI PERSSURE; CONDITIONS A, B, D, AND E, ONLY

[The motetions used for statistical grouping in this table sre as fallows; A single
line betwesn valuea indicates that the valnes are statisticelly different at a
level. of confldence between 99 and 99.9 percent. A double line indicates that
+the valuer are statiegtic diffarent at a lavel of confidence bettar than
99.9 percenrt. The Aymbol beside a subgroup indicates that the latter com-
taine overlapping paplﬂationu.]

Flexural Flexural Flexural Flexural
Bample strength, dry Bemple strength, wet Sanple strength, dry Bample strength, wet
(1) (pat) & (pat) (1) (ps1) (1) (pst)
A2 23.5 x 103 Be 16.7 x 103 D 10.6 x 103 Dl 7.2 x 103
B2 2h.o AP 17.1 El 10.8 Bl 8.0
A 2k.9 Bl 17.6 B2 8.9
Bl £5.2 a 17.9 B 12.0 D2 9.2
B3 18.5

A3 26.9 2 15.4 D3 17.5
B3 of.p A3 19.9 E3 18.3

D3 26,2

i3 26.h

1A1phabetical portion of memple depigpation refers to hmidity condition at which panels wsre fshricated: A, fabric oven-dried
at 1359 C for at least 24 hr and inpregnated at & low relative himidity, U4 to 8 percent, at room temperature; B, fabric dried over
silica gel for et leaet 7 days and impregnated at a low reletive’ hmidity, 4 to 8 parcemt, at room temperature; ¢, fobric dried over
silice gel for at least 7 days and Impregnsted st h5- to 50-percept relative lmidity; D, fabric dried over ailica gal for at least
T dsys and impregnated at 95- to 100-percent relative humidity at rocm tempersture; B, febric conditioned and impregnated at .
g5-percent relative humidity at room tempereture.

Kumerical portion of designetion refers %o molding cycle: 1, 250° F for 2 hr; 2, 220° F for 3 hr; 3, 160° F for 43 nr.

A
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TABIE VIIT.- QROUFING CF EPECIFIC-GRAVITY, REIIN-CORTRNT, VOYDE, AND LICHT-TRAMEMIBETION DATA
OF YABLR V FOR LAMINATES MOLDED AT O.7-PBI FRESSURE ACCORDING TO
BTATIETICAILY BIGNIFICART DIFFERENCES
Eme motations weed for statistical grouping in this paper are as follows: A double line
between valuss indicatss that the values ere statistically different at a lavel of

confidence better than §9.9 percemt. The ol |x besids a mubgroup indicates that
the latter conteins overlepping populations.

mie | RO | s | RESRRL | wme | et | e | e
DL 13 ElL 3Ll A3 0.2 Dl 1
e I8 m S & i 1 :
€1 1.%0 e 37.0 m .6 £1 1
| 5] 1.% c1 39.7 | A2 1.0 D2 7
ca 1.5 I3 .7 £3 1.2 . ce T
Al 1.6 BL ha.3 A 1.3 B n
Be 1.62 3 3.6 B2 1.9 a 10
A2 ' l.68 ce I,y i} 2.0 A 1
03 1.62 B2 1 c2 5.8 E3 1
A3 1.63 n hh.7 cl 2.4 B2 15
Bl 1.6 B3 k5.1 I D 15.2 L D3 35
B3 1.64 A2 .1 ) 16.3 c3 )
3 .65 c3 k5.6 n 0.6 | B3 Wz
5] 1.66 A3 k6.0 |=m 25,7 A3 50

lnlphdbaticu.l portion of sample desigoation refarn to hmidity condition at which panels were febricabed: c
lenst 2k hr ard impregnated st o low relative hmidity, & to B percent, at room temperstire; B, fabric dried cver pilica gel for at least 7 days

A, febris oven-dr

1ad at 135°
t

and
inpregratad st a low relative howidity, 4 to 8 percant, st room tesperatura; C, fabric dried ovar silica gel for st laast 7 dsym and {upregnated st
43 to SO-percent relative hmidity; D, fabric Aried over silica gal for at least 7 days and impregnated at 95~ to 100-percant ralstive hmeidity =t
room tewporature; E, fabric copditioned and ivpregnated at Sf%-percant ralative huwidity st room temperature.

Komerdcal portion of demignation refers to molding cycla: L, 250° F for 2 hr; 8, 200° ¥ for 3 kvj 3, 160° ¥ fur 48 mr.

SEAA
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30 x 103

Humidity condition

25

20 |

15

Flexural strength, dry, psi

'*‘Iﬂ‘ﬁ!'!"

ol | |
160 220 250

Cure temperature, °F

Figure 1.~ Effects of cure temperature and humidity during fabrication
on the dry diagonal flexural strength of Fiberglas 181-114% laminates
bonded with ILaminsc 4126 resin. Data are for laminates molded at
0.7T~psi pressure. See footnote a of table III for description of
humidity conditions.



Flexural strength, wet, psi
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Figure 2,- Effects of cure temperature and humidity during fabrication
on wet diagonal flexural strength of Fiberglas 181-11%4 laminate
bonded with Laminac 4126 resin. Data are for lamlnates molded at
0.7-pel pressure. BGee footnote a of table III for description of
humidity conditions,
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Flgure 3.- Effects of cure temperature and humidity during fabrication
on specific gravity of Fiberglas 181-114 laminates bonded with
TIaminac 4126 resin. Data are for laminates molded at 0.7-psi pres-
sure. See footnote a of table III for description of humidity
conditions.



NACA RM 51C21 31

Humidity condition

45

S

Resin content, percent by weight

3
\o
ol | R
160 220 250

Cure temperature, OF

Figure L.~ Effects of cure temperature and humidity during fabrication on
resin content of Fiberglas 181-114 laminates bonded with Laminac 4126
resin. Data are for laminates molded at 0.T7-psi pressure. See foot-
note a of table IIT for description of humidity conditions.
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Figure 5.- Effects of cure temperature and humidity during febrication

on percentage of voilds in Fibergles 181-11k laminates bonded with
Leminac 4126 resin., Data are for laminates molded at 0.7-psi pres-
sure. ©See footnote a of table III for description of humidity

conditions.
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Figure 6.~ Effects of cure temperature and humidity during fabrlcation
on Light transmission of Fiherglas 181~11% laminates bonded with
Laminac 4126. Date are for laminates molded at 0.7-psl pressure.
Sea footnote a of table III for description of humldity conditions.
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Figure 7.~ Relation between dry and wet diagopal flexural strength for
Fiberglns 181-114 laminates bonded with Laminac 4126 resin at
different molding end humidity conditions. Detae are taken from
table ITT for penels molded at 0.7-psi pressure.
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Figure 8.- Relation between percentage of voids and diagonsl flexural
strength for Fiberglas 181-114 laminates bonded with Laminac 4126
_ resin at different molding and humidity conditions. Data are taken
from table III for panels molded at 0.7T-psi pressure.
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Figure 9.- Relation between voids and light transmission of Fiberglas
181-114 laminates bonded with Laminac 4126 resin at different

molding and humidity conditions.
for panels molded at O.7-psl pressure.

Data are taken from table ITI
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